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SUMMARY 
The following Progress Report is submitted in accordance with NASA 
Contract NAS5-10432 Study of the State-of-the-Art of Hermetic Seals 
for Secondary Spacecraft Cells. 
Phase I of the program, consisting essentially of a conceptual 
analysis of seal types and manufacturing methods is complete. This 
phase included a literature survey of manufacturing methods for various 
types of hermetic seals with emphasis on the integrity of seals, appli- 
cations, and limitations. At the conclusion of the program, after all 
data has been analyzed, an attempt will be made to evaluate the life 
expectancy of the various type seals. 
Phase I1 "secondary spacecraft cell user and test organization contacts" 
has been completed. 
October, November and December. The users visited were 1) Bell Lab- 
oratories, Murry Hill, N.J.; 2) U. s. Naval Research Laboratories, 
Washington, D.C.; 3 )  The Boeing Company, Seattle, Wash.; 4 )  Lockheed 
Sunnyvale, Calif.; 5 )  APL Laboratories, Johns Hopkins University, 
Silversprings, Md.; 6 )  General Electric Space Center, Valley Forge, 
Pa.; 6 )  RCA Space Center, Princeton, N.J.; 7) U.S. Naval Ammunition 
Depot, Crane, Ind. 
Three trips were made during the months of 
Phase 111 "contacts with secondary spacecraft cell manufacturers" 
has been completed. Also, several companies supplying seals to the 
cell manufacturers were visited. The cell manufacturers visited 
were 1) Texas Instruments, Attleboro, Mass. (not presently engaged 
in the manufacture of spacecraft cells); 2 )  Sonotone Corporation, 
Elmsford, N.Y.; 3) Gulton Industries, Metuchen, N.J.; 4 )  Ceramaseal, 
Inc., New Lebanon Center, N . Y .  (manufacture of ceramic-to-metal seal 
for General Electric space cells); 5) General Electric, Schenectady, 
N.Y. (presently engaged in testing a new design ceramic-to-metal seal 
for spacecraft cells). 
An analysis of the data and information obtained from the various 
users and manufacturers has been started. Although detailed analysis 
has not been completed, it is evident from the questionnaires and 
personal visits that there is no standard method for testing for the 
hermeticity and integrity of hermetic seals used for spacecraft cells 
and thus correlation of data will be difficult. 
INTRODUCTION 
This report presents the progress made on a study to determine the, 
state-of-the art of hermetic seals for secondary alkaline spacecraft 
cells. One factor which can limit the life of spacecraft cells, es- 
pecially for long duration missions (3  years and longer), is the 
hermetic seal. 
study of the state-of-the-art of these hermetic seals. The program 
was broken down into (1) a conceptual analysis of a.11 types of 
hermetic seals, ( 2 )  user and test organization contacts to determine 
their experience with hermetic seals used in secondary spacecraft 
cells to discover problem areas, (3 )  vendor contacts to determine 
manufacturing methods used in seal production, the quality control 
and test performed to insure the quality of the seal, ( 4 )  evaluation 
of future seals and sealing techniques not presently flown in 
spacecraft cells, (5) evaluation of information collected and recom- 
mendations. 
TRW was awarded a contract by NASA-Goddard to do a 
The conceptual analysis, user and test organization contacts, and 
cell manufacturer contacts phases are complete. The evaluation of 
new seals and analysis of information collected during visits has 
been initiated. 
1. DISCUSSION 
1.1 ANALYSIS OF SEAL TYPES AND MANUFACTURING METHODS NOW IN 
COMMERCIAL USE. The following discussion relates to all 
type seals which have or are presently manufactured com- 
mercially. 
been used on secondary alkaline spacecraft cells. 
the characteristics, limitations, advantages, cost and 
manufacturing processes of each type seal are presented. 
Some but not all of the seals presented have 
Some of 
In general, an ideal hermetic seal for spacecraft cells should 
1) be unaffected by the internal atmosphere of the cell, 2 )  
be unaffected by potential gradients resulting from charge and 
discharge, 3)  be unaffected by other cell components or 
products resulting from degradation of these components 
4 )  be able to retain its integrity over a wide pressure 
range, 5) be able to retain its integrity over a considerable 
temperature range, 6) lend itself to ease of manufacture with 
no crucial steps, 7 )  lend itself to ease of inspection, 8) 
be relatively low in cost and 9) have and maintain structural 
integrity. If all the above conditions are achieved, space- 
craft cells could be built with low cost, long life hermetic 
seals. Unfortunately, present day seal technology is not 
capable of meeting all nine requirements listed above. 
However, the technology has developed to a stage where seals 
are capable of wide temperature and pressure variations with 
no degradation to the seal, provided good process control is 
maintained. Also, it is reasoned that products resulting from 
degradation of cell components other than the seal itself, 
would have little effect on the seal compared to the caustic 
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atmosphere of the cell electrolyte solution. Thus, in 
this report, the evaluation of various seal types during the 
conceptual analysis phase was directed toward 1) effect of 
internal cell atmosphere on seal, 2 )  effect of potential 
gradients on seal, 3)  effect of manufacturing process on 
seal, and 4 )  relative seal cost. 
Table I summarizes the various type seals that have seen 
commercial application. 
Quarterly Report, and as evidenced by Table I, most of the 
commercially manufactured hermetic seals were developed for 
applications in the electronic industry. Recent development 
of seals capable of withstanding extreme conditions of 
temperature (excess of 1000°C) and attack by alkali metal 
vapors resulted from research programs on thermionic 
conversion. 
of the various type seals manufactured commercially. 
As was mentioned in the First 
The next section presents a detailed analysis 
1.1.1 GLASS-TO-METAL SEALS. The two types of glass-to-metal 
seals presented in Table I (matched and unmatched) were 
introduced in the First Quarterly Report. 
of these type seals are their low cost, wide choice of glass- 
metal combinations and their ease of manufacture. Table I1 
shows some properties of glasses and metals used for glass- 
to-metal seals. The technology of glass-to-metal sealing 
techniques and manufacturing methods is highly developed, 
more so than any other type of hermetic seal, and results 
in a very reliable product for the usual applications. 
The main advantages 
The main disadvantage for both types of glass-to-metal 
seals presented in Table I is that all glasses are attacked 
by caustic (KOH) solutions. Some glasses are more resistant 
than others but all show some degree of corrosion by caustic 
solution. Thus, to insure long life of glass-to-metal seals, 
the glass must be protected from direct contact with the 
electrolyte. 
Although various coating materials have been applied to 
glass-to-metal seals used in alkaline battery cells, they 
have all been unsatisfactory in that the bond is weak and with 
time the coating material separates exposing the glass. 
Another disadvantage of the glass-to-metal seal is difference in 
thermal expansions at the glass-metal interface resulting in 
cracks. The chemical attack can also be accelerated at the 
glass-metal interface because of the stresses resulting from 
the differences in thermal expansion. 
cracking and accelerated chemical attack at the glass-metal 
interface would result in leaking cells. 
vantage of the glass-to-metal seal is the mechanical weakness 
of the bulk glass phase to mechanical shock. 
For space application, 
One other disad- 
Development of a reliable coating material to protect the 
glass from attack by the caustic electrolyte solution in 
alkaline spacecraft cells, and proper design to off-set the 
mechanical weakness of the bulk glass phase would result in 
acceptable long life seals. 
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1.1.2 CERAMIC-TO-METAL SEALS. As with the glass-to-metal seals, 
a preliminary discussion of the ceramic-to-metal seals 
presently manufactured was presented in the First Quarterly 
Report. An expanded discussion is presented here. The 
ceramic-to-metal seals being mass produced use either the 
sintered metal powder,(e.g., moly manganese) or active metal 
manufacturing process. The two processes produce seals having 
higher mechanical strength and higher temperature limit than 
the glass-to-metal seal. The active metal process is more 
critical than the refractory metal powder process because 
the parts have to be assembled prior to firing and purity of 
materials is more important. Also, there is less versatility 
in the selection of materials for the active metal process. 
Although the manufacturing process for the active metal type 
seal is more critical and the selection of material is less 
than for the refractory metal powder process, it is the only 
one currently used for seals of spacecraft cells. Table I1 
shows the properties of some materials commonly used in 
ceramic-to-metal seals. The main disadvantages of the 
metal-to-ceramic seals manufactured by the above two processes, 
when incorporated in cells, is silver migration and leakage. 
Most braze materials presently used in seals are silver- 
copper alloys. Under the influence of the potential gradients 
across the ceramic insulator of the seal, and the contact of 
the seal with caustic electrolyte solution, the silver of 
the braze slowly migrates across the ceramic resulting 
ultimately in a shorted cell. An electrodeposit of nickel 
or some other type (epoxy) protective coating over the silver 
braze material is being used to reduce this migration, but 
for long duration missions, the possibility still exists. 
Gold, nickel and other type braze materials are being developed 
in hopes of eliminating this problem, but no long-term testing 
of these seals in cells has been realized, and thus their 
reliability for such applications has not been established. 
Cracks in the ceramic itself and cracks developing at the 
ceramic-metal interface which would result in leaks for 
spacecraft application, are primarily a result of poor 
quality control of the manufacturing process. In the active 
metal process, too much titanium hydride can result in a 
brittle area in the braze which can develop fissures when 
the seal is temperature cycled. Also, if the alignment of 
the mating parts is poor resulting in different braze thick- 
nesses, temperature cycling can induce uneven stresses causing 
small fissures at the metal-ceramic interface. Cracks in 
the ceramic itself are probably a result of poor incoming 
inspection of purchased ceramic parts and poor inspection of 
manufactured parts. As mentioned earlier, good quality 
control procedures can greatly reduce cracks in the ceramic 
and ceramic-metal interface, thus reducing the probability of 
leaks in spacecraft cells. 
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Another disadvantage of the metal-to-ceramic seals is 
that they are higher in cost than glass-to-metal seal and 
are not suited to mass production techniques. 
1.1.3 GLASS CERAMIC COMBINATIONS-TO-METAL. Two types of glass 
ceramic combinations-to-metal seals are currently manu- 
factured. One uses a high glass content ceramic which bonds 
to metal when brought to temperature. The seal is a glass- 
to-metal type and has most of the disadvantages of the 
regular glass-to-metal seal. It is a low temperature seal 
subject to attack of caustic solutions. It does have a 
slightly better structural stability than regular glass-to- 
metal seals in that the bulk ceramic-glass phase is mechanically 
stronger than glass alone. This seal is relatively low in 
cost, but not widely used. In the other type of glass ceramic 
combination seal, glass frit or glass-metal frit is incorporated 
as an intermediate layer between the ceramic and metal. More 
dimensional control is available with this seal than the high 
glass content ceramic seal. This seal again has most of the 
disadvantages associated with regular glass-to-metal seals. 
It is widely used for low temperature metallizing and solder 
seal assemblies. These combination type seals do not present 
any distinct advantages over regular glass-to-metal seals and 
incorporate most of their disadvantages. 
1.1.4 RIGID PLASTIC-TO-METAL. In this type seal, the rigid plastic 
is bonded to the metal by an adhesive. In one type, an 
aectonitrile/styrene copolymer plastic is bonded to the metal 
using epoxy adhesives. The seal is made by casting the 
sealant around metal. This type seal is produced commercially 
at low cost in a one step process. This type seal is mechani- 
cally weak, subject to chemical attack, and temperature limited. 
This type seal has been used on silver-cadmium space cells 
with some degree of success. However, the mechanical weakness 
of this type seal make it a poor risk as a seal for long dura- 
tion missions. The long-term chemical stability of these type 
seals in contact with KOH has yet to be demonstrated. 
1.1.5 ELASTOMER-TO-METAL. In this type seal, rubber-like insulating 
materials are bonded to metal parts under compression to form 
a hybrid (bonded-compression) type seal. Usually a combination 
chemical process (vulcanizing) and heat are used to effect a 
bond between the elastomer and metal. The seal is designed to 
keep the elastomer under compression at all times. This type 
seal is mechanically weak in comparison to metal-to-ceramic 
seals, and is temperature limited. However, elastomers can 
be chosen on basis of their chemical resistance for each 
application. 
Several attempts at using this type seal for spacecraft cells 
has been unsatisfactory. The seal failure apparently results 
from a breakdown of the bond between the elastomer and the metal 
resulting in leaky cells. 
The seal is relatively cheap and easily produced. 
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1.1.6 SYNTHETIC POLYMERIC (NON-ELASTOMER) MATERIAL-TO-METAL SEAL. 
This type seal is also a hybrid type seal. The seal is 
effected by both bonding and/or compression. Polymeric 
materials such as teflon, Kel-F, nylon, etc. are bonded to 
the metal parts under compression. The seal design is such 
that the polymeric material is kept under compression. 
Although selection of polymeric materials to resist chemical 
attack is possible, this type of seal is unsatisfactory in 
that large seal area is required, poor bonding characteristics 
are realized, high degree of compression is required to main- 
tain seal, and the polymeric materials are subject to cold 
flow and stress crazing problems. These type seals have 
been used for alkaline secondary cells on a commercial basis 
where life and hermeticity requirements are not as severe as 
space requirements. 
1.2 EVALUATION OF SEALS AND SEALING TECHNIQUES NOT NOW IN 
COMMERCIAL USE. The seals presented in this section are not 
produced on a commercial basis,but they have potential appli- 
cation for spacecraft cells. Table IIIpresents a summary of 
these various type seals, mostly ceramic-to-metal. Most of 
the sealing techniques presented in Table Inare in the 
development stage, or have been developed but have not been 
produced in quantity. The fact that most of the seals presented 
in Table IIIare in the development stage, or would possibly 
require some development of manufacturing techniques would 
place the initial cost of these seals considerably above those 
presently employed for hermetically sealing spacecraft cells. 
As can be seen from the data in TablenI, most of the ceramic- 
to-metal seals depend on a final brazing operation to effect 
the final seal, and therefore these seals would be subject 
to the same problems associated with the ceramic-to-metal presently 
used. Although no performance data was obtained for these 
seals, their justification for development was probably based 
on cost reduction, ease of manufacture, specific application, 
etc. Undoubtly their development was also based on some need 
or requirement in the electronic industry. 
Two of the ceramic-to-metal seals presented in TableIII: do 
not depend on brazing as such to effect the final seal. One 
of these is a direct fusion of the ceramic to the metal. The 
direct fusion is a welding process accomplished by the use of 
a high intensity, focused beam of electrons. The method has 
been successful for spot welds, such as tab welding to 
micromodule substrates, but welds larger than spot welds are 
susceptible to massive cracking. If indeed, larger area 
welds are realized, this method would have promise for space 
cells because it would eliminate the problems (dendritic 
migration) associated with the braze alloys used in today's 
ceramic-to-metal seals. The other type metal-to-ceramic 
seal presented in TablenI which does not necessarily require 
a conventional braze to effect the final seal is the ceramic 
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brazing technique. 
to-ceramic seals capable of withstanding temperatures in 
excess of 12OO0C. 
the metal member by melting a suitable oxide eutectic between 
mating parts. In one high temperature seal of this type, 
the ceramic is first metallized using either a suspension 
of WO (tungsten oxide), or MOO (molybdenum oxide), then 
a mixzure of RuO (ruthenium ox?de) and MOO is melted 
between the met ahzed ceramic and molybdenum in a hydrogen 
atmosphere. The RuO and MOO decompose and the Ru and Mo 3 melt, wet, and flow $nto the metallized layer and braze to 
the refractory molybdenum metal. 
research and development stages. Their cost, even after 
development, would be quite high but they do eliminate the 
conventional braze materials which have been troublesome. 
This technique was developed for metal- 
In this method, the ceramic is fused to 
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These type seals are in 
Another type seal presented in Table III is the devitrified 
glass seal. In this method, a conventional glass-to-metal 
seal is made, then by heat treatment (time-temperature) the 
glass is converted into a devitrified ceramic. The devitri- 
fication process can be varied to obtain ceramics having very 
different properties. If a devitrification process could be 
developed which would result in a devitrified ceramic which 
was stable in an atmosphere that is present within cells, 
and had the desired electrical and mechanical properties, 
it should provide a long life seal for space cells. 
The graded cermit-to-metal of TablenI is in concept an ideal 
seal in that it would also eliminate the problems associated 
with conventional glass-to-metal and ceramic-to-metal seals. 
In the manufacture of this seal, successive layers of metal 
powder gradually enriched with ceramic powder are bonded 
together with heat and pressure to provide a seal between 
pure metal and pure ceramic sections. These type seals are 
in the experimental stage, and the cost would be expected to 
be very high due to the development required. Also, these 
seals are subject to a considerable amount of internal stresses. 
The compression seal presented in TableIII is strictly a 
compression type employing no adhesives to effect the seal. 
The seal is known as a Zigler seal, named after its inventor, 
and has been patented (Patent No. 3,109,055). The seal is 
composed of an internally threaded sleeve that is disposed 
about an externally threaded insulating bushing which is 
provided with an axial bore through which a conducting rod 
extends. The seal is effected by circumferentially deforming 
the sleeve along a portion of its length to radially compress 
the sleeve about the bushing and the bushing about the conduc- 
tor, This type seal is not subject to the normal problems 
associated with glass-to-metal and ceramic-to-metal seals, but 
could be troubled with cold flow and possibly radiation problems 
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1.3 
The seal, once tooling is set up, could be manufactured 
rapidly at low cost and with a high degree of reproducibility. 
Some experimental cells utilizing this type seal have been on a 
continuous overcharge at the C/10 ratio and room ambient 
temperatures for five years with no seal failures or apparent 
degradation. In the experimental seal, the insulation bushing 
was Kel-F and it has shown no signs of cold flow. This type 
seal shows promise for long-term spacecraft application and 
warrants further evaluation. 
CELL USER, TEST ORGANIZATION AND MANUFACTURER CONTACTS. 
Phase 11, !'User and Test Organization Contacts", and Phase 111, 
Manufacturer Contacts has been completed. Questionnaires were 
sent out to selected users, test, organizations and manufac- 
turers. A tabulation of the results of these questionnaires 
was presented in the First Quarterly Report. Those organiza- 
tions not responding to the questionnaire were contacted by 
telephone, and most indicated their experience was not related 
to the study. All organizations responding to questionnaires 
who indicated a personal visit by program representative would 
be beneficial to the study program were contacted by telephone 
and arrangements were made for visitations. The various or- 
ganizations were visited during the months of October, November 
and December. 
contacted are listed in Table IV. 
The various organizations visited and personnel 
The manufacturers were questioned regarding 1) manufacturing 
process, quality control and test methods used to determine 
integrity of seal, 2)  effect of stresses induced by welding 
cover to case, 3) what dendritic problems were associated with 
the seal and what, if any, measures were being taken to eliminate 
problems, 4 )  how seal was designed to reduce mechanical stresses, 
5) new seal designs and sealing techniques. Also, test data 
and procedures were obtained if not considered company pro- 
prietory information. 
Users and test organizations were questioned regarding 1) 
methods used for testing the integrity of seal, 2)  quality 
control measures imposed on vendors, 3)  inspection procedures 
used in-house for checking for leaking cells, 4 )  types of 
seals used, 5) problems encountered such as leaking seals, and 
dendritic problems associated with seal, 6 )  whether seal should 
be fitted with one or two insulated seals, 7) whether threaded 
or soldered lugs are moredesirable for space cells. 
A s  mentioned in the First Quarterly Report, the questionnaire 
returned by the user and test organizations indicated that 
tests performed throughout the industry for determining the 
integrity of the hermetic seal were not uniform. The visits 
confirmed that there is no uniformity of test methods, and that 
even for a given test method, there is a considerable variance 
in procedure. 
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2.  
3. 
At present, the information and data obtained from the visits 
is being compiled and evaluated. 
this data will be presented in the final report. 
The complete analysis of 
PROGRAM FOR NEXT REPORTING PERIOD. 
mainder of the contract will include the compilation and 
analysis of information and data received from the various 
users, test organizations and cell manufacturers. After the 
data has been analyzed, a report will be prepared which will 
summarize the current state-of-the-art of hermetic seals and 
will include recommendations appropriate to establishing 
guidelines for future seal research and development. 
The program for the re- 
CONCLUSIONS. Conclusions made at this point in the program 
are tentative and will be subject to review in the final 
report. 
It is apparent from both the questionnaire responses and direct 
discussions with users, test organizations and nanufacturers 
that there is no uniformity of the methods and procedures used 
for testing the integrity of hermetic seals (leak test 
especially). In addition, no universally accepted test methods 
appear to be available. 
The conceptual analysis of commercially used hermetic seals 
showed that these s e a l s  are not canable of meeting all the 
requirements for long life space cells. Some attempts to 
adapt commercially manufactured hermetic seals to meet the 
rigid requirements for space cells have been unsuccessful and 
others are in the evaluation stage, but at present, no hermetic 
seal has the capability required for space cell application. 
Some of the hermetic seals not presently manufactured on a 
commercial scale (seals in research and development stage) 
show promise for space cell application. Those seals, such 
as the Zigler seal and the devitrified glass seal, that show 
promise for space cell application, do so because they eliminate 
or greatly reduce the problems (chemical attack, silver migra- 
tion) associated with the type of seals presently used. 
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TABLE I 
SUMMARY OF HERMETIC SEAL TYPE 
SUB TYPE CHARACTERIST ICs TYPICAL MATERIALS FABRICATION PROCESS 
1. Glass-to-Metal a )  Matched S e a l s  Expansion co- 1. Kovar, moly. 1. Chemical clean- 
e f f i c i e n t s  of o r  tungs ten  ing  . 
materials  a r e  
matched t o  with- g l a s s  (boro- p a r t s  . 
stand s t r e s s e s .  s i l i c a t e s ) .  
2 .  I ron  or 
with hard 2. Oxidize metal  
3.  Glass appl ied 
i n  p l a s t i c  s t a t e  
under s l i g h t  
pressure . 
n icke l  
a i l o y s  with 
s o f t  g l a s s  
( l ead ) .  4. Metal oxides 
d isso lve  i n  
g l a s s .  
5 .  Etch and p l a t e  
metal  p a r t s .  
b )  Unmatched Thermal ex- I r o n ,  Low 
Seals pansion co- carbon s t e e l  
e f f i c i e n t s  no t  o r  s t a i n l e s s  
matched, metal s t e e l  wi th  
ring designed s o f t  or hard 
t o  hold g l3ss  g l a s s  
i n  compression 
2 .  Ceramic t o  Metal a )  S in te red  St rong ,  high Kovar, Mo, Cu, 
Metal temp. s ea l s  wi th  N i ,  monel or 
Powder s e a l s  a var ie ty  of s t a i n l e s s  s t e e l  
( r e f r ac to ry  metal pa r t s  parts, high 
metals) avai lable  f o r  alumina ceramics 
brazing t o  cer- with Mo o r  W 
amic pa r t s  based meta l l iz -  
i ng  powdere, 
s i l ve r  brazing 
a l l o y s  (o ther  
a l l o y s  used a l s o )  
Similar  t o  process 
for matched s e a l s  
although oxidat ion 
not required 
Metal powder i n  
lacquer  appl ied 
t o  ceramic and 
f i r e 2  a t  1300 - 
1500 C i n  con- 
t r o l l e d  atmos- 
phere s o  metal  
oxide r eac t s  
with ceramic t o  
form bond. Met- 
a l l i z i n g  i s  elec-  
t rop la t ed  and 
brazed t o  metal 
pa r t s  
9-10 
;S USED COMMERCIALLY , 
INHERENT ADVANTAGES. INHEXfiXC LIMITATIONS P R O D U C I B I L ~ Y  COST FACTOR APPLICATIONS MPERIENCE 
1. S e a l  design flex- 
i b i l i t y  due t o  
matched expansion 
c h a r a c t e r i s t i c s .  
2 .  Hermeticity. 
3 .  Inspectable  
s e a l s .  
Wider s e l e c t i o n  of 
metals than  f o r  
matched seals 
No c r i t i c a l l y  
s e n s i t i v e  var- 
i a b l e s  t o  proc- 
ess ,  withstand 
high temp. and 
thermal  shock, 
exce l len t  d i  - 
e l e c t r i c  proper- 
t i e s ,  hermet ic i ty ,  
r a d i a t i o n  resis- 
tant,  non-magnetic 
metal  powders 
Low res i s t ance  t o  
a t t ack  by a lkal i  
so lns .  Metals 
subject  t o  
corrosion. Low 
r ad ia t ion  r e s i s -  
tance.  
Lower r e s i s t ance  
t o  a t t ack  by 
a lka l i  solns. 
Hermeticity re -  
s t r i c t e d  t o  a 
lower temp. 
than  matched 
sea l s .  Low 
rad ia t ion  resis- 
tance 
S i l v e r  migration 
from brazing 
a l l o y  poss ib le ,  
and no way t o  
inspec t  f o r  t h i s  
phenomena 
Mass produced 
on a commer- 
c i a l  basis  
for electronic  
f i e l d  - 
various s i z e s  
available 
Same a6 f o r  
l a  
Produced on a 
commercial 
scale .  Most 
widely used 
s e a l  i n  
industry today 
Relat ive Elec t ronic  devices 
low cost (diodes and t r a n s i s t o r s )  , 
e l e c t r i c a l  feed throughs 
Low cost  Same as for 1 a 
More cos t ly  Same as 1 a although 
than g l a s s  not  as widely used. 
counterparts Used extensively f o r  
power e lec t ron  tube  
enclosures.  Used i n  
spacecraf t  c e l l s .  
TABLE I (Contld. ) 
SUMMARY OF HERMETIC SEAL TYEl 
SUB-TTYPE CHARACTERISTICS TYPICAL MATERIALS FABRICATION PROCESS 
2 .  Ceramic t o  b )  Active Alloy Same as 2 a with Kovar o r  moly 
Metal (Cont . ) Sea l s  l e s s  s e l ec t ion  m e t a l  p a r t s ,  
of mater ia ls  high alumina 
ceramics,  
me ta l l i z ing  with 
T i  o r  Zr hyd- 
r i d e s  o r  metal 
powders, s i l v e r  
or n i c k e l  t r ans -  
i t i o n  brazing 
metals 
Process r equ i r e s  
t h a t  a l l  parts and 
mater ia l s  be 
assembled i n  pos i t ion  
during a one shot  vac.  
f i r i n g  operat ion.  A t  
high temp. ma te r i a l s  
i n  contact r e a c t  t o  
form a strong chemical 
bond 
3 .  Glass Ceramic a) Glass Ceramic Combines a Various metals ,  Ceramic has  high g l a s s  
combinat ions  combinition mixture of ceramics and content which bonds 
t o  metal glass and glasses t o  metal when brought 
ceramic t o  
obtain a low 
temp. s e a l  
t o  temp. Forms glass 
t o  metal  type seal 
4. Rigid P l a s t i c -  
t o a e t a l  
b )  Glass Coated Ceramic Same a5 3 a plus Intermediate layer 
Ceramic in su la to r  i s  g l a s s  frit.  Also of g l a s s  frit o r  
coated with a variety of glaze i s  incorpor- 
g l a s s  o r  g lass -  metal-glass fr i ts  a ted  between ceramic 
metal  f r i t  t o  are used and metal t o  form 
obta in  l o w  s e a l .  Fabr ica t ion  i n  
temp. s e a l  H e l iminates  chemical 2 
cleaning. 
Metal Acry lon i t r i l e /  Sea l  i s  made by 
terminals styrene copolymer cas t ing  sea l an t  
a r e  bonded p l a s t i c ,  (Union around metal  
t o  p l a s t i c  carbide b a k e l i t e  terminal 
with ad- C-11 molding 
hesives Cpd.1, E p o v  
adhesives ,  plated 
metal te rmina ls  
ss USED COMMERCIALLY 
.INHERENT ADVANTAGES INHERENT LIMITATIONS FRODUCIBILIYY COST FACTOR APPLICATIONS EXPEXIENCE ---- 
Same as 2 a except Sea l  f ab r i ca t ion  Used on a Normally Used on power e lec t ron  
more c r i t i c a l l y  processes a r e  commercial more c o s t l y  tube enclosures 
s e n s i t i v e  t o  c r i t i c a l  (assembly basis  than s i n t e r -  
processing and pur i ty  of ed metal 
va r i ab le s  mater ia ls1 s i l v e r  powder s e a l s  
migration from 
brazing a l l o y  
possible  
Less than  Not widely used 
use 2 a ,  low cos t  
cermLc s e a l s  
Fermits fabr ica-  Expansion 
t i o n  of complex c h a r a c t e r i s t i c s  
a s sezb l i e s  -with not matched . 
wide se l ec t ion  of 
ma te r i a l s .  Relat iv-  range and chem- 
e l y  low temp. seal- i c a l  r e s i s t ance  
ing process for 
ceramic p a r t s  
l i m i t  on temp. 
Same as 3 a above, 
dimensional cont ro l  
Same as 3 a Used Less than  Widely used f o r  low 
commercially 2 a ,  low temp. meta l l iz ing  and 
cost  ceramic so lde r  sealed 
s e a l s  assemblies 
Uses commercially Mechanically Produced on Low cos t  Used on a lka l ine  b a t t e r y  
ava i l ab le  ma te r i a l s ,  weak, l imi ted  a commercial c e l l s ,  evaluated f o r  
l o w  c o s t ,  no close chemical r e s i s t -  bas i s  space c r a f t  c e l l s ,  no 
to l e rances  required,  ance, long term 
one s t e p  operat ion hermetici ty  
leakage problems 
quest ionable ,  
temp. l imi t ed ,  
pressure l imi t ed ,  
poor reproducibi l -  
i t y  
TABLE : 
SUMMARY OF HERMETIC S W  TY 
SUB TYPE CHARACTERIST ICs TYPICAL MATERIALS FABRICATION -----. PROCESS 
_I---I_--- WTYE OF SEAL
5 .  Elastomsr-to 
metal  
6. Synthet ic  
Polymeric 
Mat er ia l - to-  
met.zl s e d  
Rubber-like in-  
sulat ing  m a t e r -  
i a l s  a r e  bonded 
t o  m e t a l  parts 
under compression 
t o  form a hybrid 
bonded - c om pr e s s - 
i o n  type seal 
Me chani c a l  
compression 
type of seal 
sim-ilar to 5 
except i n s u l a t  - 
i n g  mater ia l  i s  
no t  e l a s t i c  
Various se lec ted  
meLals , various 
elastomers se lec t -  
ed on b a s i s  of 
chem. r e s i s t ance  
and o ther  prop- 
e r t i e s  required 
( b u t y l ,  ethylene 
propylene, chloro- 
sulfonate ) 
Combination chemica 
process (Vulcanizin 
and heat  used t o  bo 
elastomer t o  metal. 
Sea l  design forms a 
mechanical compress 
t h a t  keeps elastome 
under compession 
Various metals ,  Sea l  design 
Polymeric 
mater ia l s  such 
as Teflon,  
Kel-F, nylon 
(reinforced 
with f ibe rg la s s ,  
adhesive 
bondable 
% 
hs USED COMMERCIALLY 
1 Same as 4, no Same as 4 except Readily Low cos t  Can be used for a 
g c r i t i c a l  processing reproducib i l i ty  producible v a r i e t y  of app l i ca t ions ,  
--- INHERENT ADVANTAGES - INHERENT LmrrATIo~s PRODUCIBILDY COST FACTOR APPLICATIONS MPERIEXCE I 
I 
,ion 
I 
i 
1 
I 
/r 
I 
i 
i 
I , 
! 
I 
1 
I 
- 
l o s s  of e l a s t i c i t y  
Polymeric materials Large s e a l  a rea  
can be se lec ted  req 'd .  , temp. 
f o r  s p e c i f i c  l imi ted .  Poor 
proper t ies  required bonding character-  
such a s  chemical i s t i c s  (Teflon and 
r e s i s t a n c e ,  StrengthKel-F) high degree 
e t c .  of compression 
r eq 'd .  t o  maintain 
s e a l ,  cold flow 
and s t r e s s  crazing 
problems 
spacecraf t  c e l l s  
Readily Requires Used i n  a lka l ine  c e l l s  
producible molding where l i f e  and 
although and 
may be corn- machining, are not  severe 
plex design r e l a t i v e l y  
he rme t i c i t y  r equi r  erne n t  s 
expensive 
compared 
t o  4 and 5 
11-B 
.. 
k 
M 
4J .rl c 
r l o o  
.a 2 
iP 
m 
rl 
cd 
a, 
m 
m 
rl 
ho 
: 
E 
8 
k 
0 
0 
PI 
a, 
z 
Ln 
o\ 
o\ 
c\I 
6 
5 
d 
cd 
r3 
-0 .rc d $ z 4  rn 
m 
rl 
m 8 
2 k
a, u 
2 s 
a, 
rl 
4J 
4J 
2J 
0 
3 
c\I 
co 
rl 
d 
(L1 
a, 
4J m 
m 
rl 
cd 
a, 
m 
0 
m 
cd 
rl 
M 
4J 
bl 
0 
rn 
k 
.rl 
cd 
.k 
1 
0 
3 
0 
o\ 
g 
k 
H 
k 
a 0  
a k  
O G  u u  
m a ,  
s s  
4J -P  
a, 
k 
cd m 
a, c 
-P 
n 
N 
4 
cd 
k 
0 
0 
P 4  
I I 
0 
3 
0 
0 * 
SUMMARY OF KERME;TIC 
TYPE OF SEAL CHARAmERIST ICs FABRLCAT ION PROCESS INHEBm-IIVANTA( 
0 
1. Ceramic-to-Metal Di rec t  fusion of 
ceramic-to-metal 
2. Ceramic-to-Metal . Ceramic brazing 
b 
3 .  Glass-to-Metal 
t 
4. Metal-to-Ceramic 
5. Metal-to-Ceramic 
Dev i t r i f i ca t ion  .of 
g l a s s  t o  fom- ceramlic- 
to -meta l  type seal, 
Refractory-Metal \ 
salt coating 
Ref ractory-metal- 
Oxide Coating’ ’ 
Ceramic and metal parts Variety of metal: 
a r e  fused toge ther  
d i r e c t l y  under high 
i n t e n s i t y  focused 
beam of e l ec t rons  
ceramics can be 
joined by t h i s  p. 
The cervniz i s  fused 
t o  metal  member by 
ne It ing  s u i t  &le 
oxide e u t e c t i c  be- 
tween mating p a r t s  
J o i n t s  a r c  made by 
conventionai glass-  
io-metal manufactur- 
in; methods, then 
by heat, t reatment  
(time-temp. ) The 
g l s s s  i s  converted 
t o  i~ d e t r i f i e d  
ceramic 
Ceramic. immersed i n  
s o h .  of r e f r a c t o r y  
metal  s a l t ,  d r i e d ,  
f i r e d  t o  reduce 
metal  s a l t ,  e l ec t ro -  
p la ted ,  then  brazed 
by conventional 
methods 
S imi la r  t o  re f rac-  
tor-metal  powder 
process except 
metal i s  app l i ed  
as oxide in s t ead  
of i n  elemental  
f om 
For use i n  j o i n t  
must kithskand tc 
above 1200 C 
Conventional g l a  
metal  manufactur 
processes u t i l i z  
Physical ,  e l e c t r  
and chemical pro 
could be var ied  
wide range 
C a n  be used t o  rnt 
i n s i d e  diameters 
holes  
Lower s i n t e r i n g  
temperature 
T A B L E  ,111 
SEAIS NQTIN COIQXRCIAL USE 
;ES IIJlERWJ’i’ LIMITATIONS . --- COST FACTOR A P P L I C A T I O N S  EXPERIENCE 
1 and 
?ocess 
which 
3mp . 
Welds l a r g e r  than spot  
welds a r e  suscept ib le  t o  ava i lab le  
G s s i v e  cracking 
No cos t  da ta  
%+to- Possibly t h c  con t ro l  of 
ing d e v i t r i f i c a t i o n  process 
:d . I (time-temp. r e l a t ionsh ip )  
i c a l  .. 1 would r equ i r e  r i g i d  
Frties , c o n t r o l  t o  ob ta in  de- 
>ver a s i r e d  p rope r t i e s  
:tall;ize 
of 
Areas not t o  be 
meta l l ized  would have 
t o  be masked 
Tab welding t o  micromodule sub- 
s t r a t e s  has been shown t o  be 
f e a s i b l e  - 
Research and developnent s tage  
Cost could be 
much lower than 
conventional 
ceramic-to-metal 
s e a l s  
No known commercial use of process i n  
expected t o  be this country 
No cos t  data  
ava i l ab le  
I 
I 
Same as f o r  t h e  
ref ractory-metal-  ava i l ab le  
powder process 
NO cost  d a t a ’  
Developed and used f o r  c\eramic-metal 
tube programs 
Developnental s tage  
SUMMARY OF HERMETIC SEALS Nl 
CHARACTERIST ICs FABRICATION PROCESS INHERENT ADVANT&3I!--- TYPE OF SEAL ------ 
6. Metal-to-Ceramic Condensed vapor A - t i  meta l l i c  coating Variety of ceramic and 
coating appl ied by v o l a t i l i z a -  metal  can be used, equi 
t i o n  of a metal and i t s  ment necesssry r e l a t i v e  
7 .  
deposi t ion onto t h e  
ceramic, followed by 
brazing or e lec t ro-  
p l a t ing  and then 
brazing 
Graded Cermet- Mixture of ceramic Successive 'tayers of 
to-Metal and metal  powders metal powder gradual- 
a r e  bonded together  ly enriched with 
i n  varying propor- ceramic powder a r e  
t i o n s  ranging from bonded together  with 
pure ceramic t o  heat  afid pressure t o  
pure metal  provide a s e a l  be- 
tween e s s e n t i a l l y  
pure metal and pure 
ceramic sect ions 
Metal 
Compression type 
s e a l  with Kel-F 
Compression of metal  
tube about polymeric 
ma te r i a l  through 
which extends a metal  
conduct o r  
inexpensive,  no excess i  
heat ing of ceramic, 
metal l ized ceramics pro 
duced r ap id ly  
Wide se l ec t ion  of 
ma te r i a l s ,  permits 
design t o  spec i f i c  
des i red  charac te r i s -  
t i c s  
Ease of f a b r i c a t i o n ,  no 
braze problem, material 
re1ativel.y s t a b l e  
chemically ~ reproduci- 
b i l i t y  
I 
int Id. ) 
!C I N  COMMEFtCIAL USE 
1 INHERENT L I M I T A T I O N S  I COST FACTOR ----__---- A P P L I C A T I  ONS EXPERIENCE _- 
~ Bond between ceramic and Rela t ive ly  low cost No commercial appl ica t ions  
metal i s  a mechanical 
i n s t ead  of a chemical 
chemical bond 
'e bond and i s  weaker than  
1 
I 
I 
Limited physical  designs Very high due t o  No commercial appl ica t ion  to-date. 
\ must be compatible with deve l o  p e n t  re- Spec ia l  high temp. for corrosive environ- 
I pro ce s s quired ment produced a t  Westinghouse 
Possible  cold f low,  Low cost  a f t e r  No known commercial appl ica t ion  
I crazing and r ad ia t ion  i n i t i a l  t oo l ing  
damage of polymeric cos t  
ma te r i a l s ,  temperature 
l i m i t a t i o n ,  s i z e  
limit a t  ion  
